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(57) ABSTRACT 

An electronic component is mounted on a Substrate Such as 
a circuit board by means of a Soldering proceSS Such as 
reflow soldering. The circuit board has a thermal via hole 
therethrough to provide a heat dissipation path from the top 
Surface to the bottom Surface of the circuit board, for 
dissipating heat from the electronic component. To prevent 
molten Solder from penetrating through the via hole during 
the Soldering process, the via hole is Sealed prior to the 
Soldering proceSS. The via hole is Sealed from the bottom 
Surface of the Substrate by carrying out a Screen printing 
process including at least two printing passes to print a 
Sealing material into the open hole of the thermal Via. 

19 Claims, 1 Drawing Sheet 
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METHOD OF FABRICATING A CIRCUIT 
ARRANGEMENT WITH THERMAL VIAS 

PRIORITY CLAIM 

This application is based on and claims the priority under 
35 U.S.C. S.119 of German Patent Application 19842 590.2, 
filed on Sep. 17, 1998, the entire disclosure of which is 
incorporated herein by reference. 

1. Field of the Invention 

The invention relates to a method of fabricating a circuit 
arrangement, for example including a Surface mount device 
mounted on a printed circuit board, having thermal through 
hole contacts or Vias provided through the circuit board. 

2. Background Information 
Many electronicS applications utilize electronic circuit 

arrangements including electronic components that generate 
a rather high power dissipation and therefore heat dissipa 
tion during operation. This is especially true in circuit 
arrangements including power components Such as power 
modules for controlling and driving other assemblies or the 
like. The various components of the circuit arrangement are 
typically mounted on a Suitable Support body or Substrate. 
For example, in the field of motor vehicle electronics, it is 
typical to use Surface mountable power electronic 
components, which are Surface mounted with their respec 
tive rear contact Surfaces in contact with a printed circuit 
board as the Supporting Substrate. 

In order to adequately remove the heat generated by the 
power dissipation of the components, and especially the 
power components, one known Solution relates to improving 
the vertical heat transfer through the Supporting Substrate. 
This is achieved by providing thermal through-contacts, i.e. 
So-called thermal Vias, extending through the Supporting 
substrate from the top surface to the bottom surface thereof. 
To form Such thermal Vias, it is typical to form one or more 
through-holes through the Substrate directly beneath the rear 
contact or mounting Surfaces of the respective components 
and particularly the power components, and then metallize 
the through-holes, for example with a copper coating, con 
tinuously through the entire thickness of the Substrate and 
covering the entire inner Surfaces of the through-holes. 
A Second known Solution to the above mentioned heat 

dissipation problem relates to the external heat removal. In 
this regard, the Substrate may be mounted on a metallic 
cooling body or heat Sink Such as a copper plate, which in 
turn conveys the power dissipation heat to a cooling System. 
Such a cooling body may be separated from the Supporting 
Substrate by an electrical insulating layer Such as an insu 
lating film or foil. 

After applying the components on the top Surface, i.e. the 
mounting Surface, of the Substrate, the components are 
electrically contacted with contact Surfaces or particularly 
contact pads and/or circuit paths or traces of a metallic 
circuit path Structure provided on the top Surface of the 
Substrate. In order to achieve this, a Soldering paste is printed 
onto the various contact Surfaces and the top Surface of the 
thermal Vias and is then melted in a reflow Soldering proceSS 
in order to Solder-connect the component to the contact 
Surfaces. 

During the reflow Soldering process, droplets or emitted 
Sprays of Solder or even melted portions of the metallic 
conductor path Structure can permeate through the thermal 
vias to the bottom or back Surface of the substrate, whereby 
Such permeation of the molten metal material is especially 
actively driven due to the capillary action caused by the 
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Small diameter via holes. Once the molten metal material 
reaches the bottom Surface of the Supporting Substrate, it 
damages or completely breaks through the electrical insu 
lating layer Such as an insulating film applied on the bottom 
Surface of the Supporting Substrate. This results in electrical 
Short circuits to the metallic cooling body or to a metal 
housing or the like that Supports or encloses the Substrate as 
well as the circuit arrangement. 

SUMMARY OF THE INVENTION 

In view of the above, it is an object of the invention to 
provide a process for fabricating a circuit arrangement 
which achieves advantageous characteristics with reference 
to the heat dissipation or removal, the reliability, the costs, 
and the simplicity of the fabrication process. More 
particularly, it is an object of the invention to provide a 
method for preventing the penetration of molten metal 
material during a reflow Soldering proceSS from the top 
Surface to the bottom Surface of a Supporting Substrate 
through via holes provided therein. The invention further 
aims to avoid or overcome the disadvantages of the prior art, 
and to achieve additional advantages, as apparent from the 
present specification. 
The above objects have been achieved in a method for 

fabricating a circuit arrangement according to the invention, 
comprising providing a through-hole and particularly a 
thermal through-contact via in a Supporting Substrate, car 
rying out a Screen printing process including at least two 
printing passes or stages So as to close the through-hole from 
the bottom Surface of the Supporting Substrate by means of 
the applied Screen printed material, and then mounting and 
Soldering a component onto the top Surface of the Substrate. 
More particularly, the invention provides that all of the 

thermal through-contacts or thermal Vias in the Substrate are 
closed or Sealed by carrying out a Screen printing process on 
the bottom or back Surface of the Substrate opposite the top 
mounting Surface thereof, before the Soldering process is 
carried out. The Screen printing process involves arranging 
a Screen printing film around the thermal Vias, and then 
pressing the Screen printing material into the openings of the 
thermal vias from the bottom Surface of the Substrate in a 
Screen printing proceSS including at least two printing Stages 
or passes. Preferably, the Screen printed materials used in the 
Screen printing proceSS are highly viscous, thixotropic, pasty 
and preferably Solvent-free materials. The Screen printed 
material may especially be Selected corresponding to the 
material of the substrate. Herein, the term “highly viscous 
material” refers to a material having a Viscosity that is So 
high that it is just still Screen printable by any known Screen 
printing process. 

After the thermal via openings have been closed or Sealed 
with the Screen printed material, a Suitable testing is carried 
out, for example by means of an optical examination against 
a back light or by means of an automated vacuum test in 
order to determine whether the opening of the respective via 
hole has been completely closed and Sealed. Specimens that 
fail the testing are rejected or again Subjected to the Screen 
printing process. Acceptable Specimens are passed to a 
process of drying the Substrate and curing and hardening the 
Screen printed material. 
When the Subsequent Soldering process, for example a 

reflow Soldering process, is carried out for mounting the 
components of the circuit arrangement on the top Surface of 
the Substrate, the printed closure or Sealing of the via holes 
prevents the molten Solder material from permeating 
through the via holes from the top surface to the bottom 
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surface of the substrate, and thereby protects the bottom 
Surface of the Substrate from Soiling or damage that would 
otherwise be caused by the molten solder. Nonetheless, the 
heat transport from the top Surface to the bottom Surface of 
the Substrate through the thermal Vias is not significantly 
diminished by the Screen printed material that Seals the 
thermal via holes. This is especially true if the Screen printed 
material is confined to the opening of the via hole and does 
not overlap onto the rim of the metallization layer around the 
opening of the hole, or if any Such overlap has a limited 
thickness. 

By using a Solvent-free Screen printed material, a Volume 
reduction or shrinking of the Screen printed material during 
the curing and hardening thereof can be avoided, So that the 
formation of bubbles and/or cracks in the Screen printed 
material is prevented. Otherwise, such bubbles or cracks 
would negatively influence the reliability of the closure or 
seal of the thermal via holes provided by the screen printed 
material. The respective diameter of the thermal via holes is 
matched or adapted to the respective utilized Screen printing 
technique, and is particularly prescribed So that an adequate 
coverage and closure of the thermal Vias within the opening 
Volume of the respective via hole is achieved. For example, 
a predetermined minimum filling proportion of the total 
opening Volume of a thermal via can be specified. The size 
of the via hole, the Screen printed material, and the Screen 
printing proceSS are Selected and adapted in combination, in 
Such a manner that the Screen printed material is preferably 
confined entirely within the opening croSS-Section of the via 
hole, i.e. that preferably none or only a Small part of the rim 
of the thermally conducting metallization of the thermal via 
Surrounding the via hole on the bottom Surface of the 
Substrate becomes covered by the Screen printed material. 
This is preferred because the covering of the Screen printed 
material onto the contact areas or rims around the thermal 
vias on the bottom Surface of the Substrate would have a 
negative influence on the thermal conduction and heat 
transfer at this thermal junction. 

The Screen printing process of applying the Screen printed 
material into the thermal Vias is repeated So often, and at 
least two times in Succession, until the desired or required 
thickness of the Screen printed material in the thermal ViaS 
is achieved, and until a complete Surfacial covering or 
closing of the open cross-sections of the thermal via holes on 
the bottom surface of the substrate by the screen printed 
material is achieved. 

The present invention provides a reliable and Simple 
method for producing circuit arrangements, which can com 
pletely prevent the flow or penetration of Solder material 
through the thermal vias provided in the substrate. The 
present method can be carried out with a low cost and 
completely independently of the particular embodiment of 
the thermal Vias, for example independently of the type and 
configuration of the through-contacts provided in the ther 
mal Vias. The present method can be Successfully and 
reliably carried out without diminishing the thermal transfer 
through the thermal Vias even for relatively large diameters 
of the thermal Vias, for example for via diameters in a range 
from 0.4 mm to 1 mm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the invention may be clearly understood, it 
will now be described in connection with an example 
embodiment, with reference to the accompanying drawings, 
wherein: 

FIG. 1 is a sectional view of a portion of a circuit 
arrangement including a power component mounted on a 
Substrate having thermal Vias that are Sealed according to the 
invention; and 
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4 
FIG. 2 is an enlarged detail Sectional view of a Sealed 

thermal via according to the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EXAMPLE EMBODIMENTS AND OF THE 

BEST MODE OF THE INVENTION 

FIG. 1 shows a circuit arrangement including at least one 
power electronics component 1 in addition to further active 
and passive components arranged on the top Surface 12 of a 
Supporting Substrate particularly embodied as a circuit board 
Such as a printed circuit board. The power component 1 has 
electrical contacts 3 that are to be contacted or electrically 
connected by means of contact pads 16 to the conductor path 
arrangement that has been provided on the top Surface 12 of 
the circuit board 5 and that consists of copper coated with a 
gold-nickel (AuNi) alloy, for example. 

During operation of the circuit arrangement, the Several 
components thereof and particularly the power component 1 
dissipates power in the form of heat which must be removed 
from the circuit arrangement to prevent damage and/or 
improper operation thereof. In order to remove the dissi 
pated heat in a vertical direction, plural through-holes are 
bored through the circuit board 5 in the areas respectively 
below the power components 1, and the inner walls of these 
through-holes are continuously and entirely coated with a 
metallization layer 6 to form thermal through-contacts or 
thermal vias 7. After the metallization layer 6 has been 
deposited on the inner Surface of each via through-hole, the 
remaining open croSS-Section or open hole 14, 15 of each 
thermal via has a diameter of approximately 0.5 mm, for 
example. Reference number 14 identifies the open hole of 
the thermal via 7 on the bottom Surface 13 while reference 
number 15 identifies the open hole of the thermal via 7 on 
the top surface 12 of the circuit board 5. 
The power component 1 is mounted So that a cooling vane 

or pad 2 thereof lies directly on the open holes 15 of the 
thermal vias 7 at the top surface 12 of the circuit board 5, so 
that an efficient heat transfer can be achieved from the top 
Surface 12 to the bottom Surface 13 of the circuit board 5. 
Specifically, the transfer will take place from the power 
component 1 through the cooling pad 2, through mounting 
solder 4 (which will be described in further detail below), 
and then through the metallization layers 6 of the thermal 
vias 7 to the bottom Surface 13 of the circuit board 5. Then, 
from the bottom Surface 13 of the circuit board 5, the 
dissipated heat is transferred further to a metallic cooling 
body or heat sink 10 embodied as a sheet metal heat sink 
including cooling fins 11 that dissipate the heat to a cooling 
air flow or that further transfer the heat to a cooling System. 
An electrically insulating and thermally conducting foil or 
film 9 is arranged between the bottom surface 13 of the 
circuit board 5 and the cooling body 10 to ensure electrical 
insulation of the circuit board from the cooling body. 
The various components of the circuit arrangement are 

mounted and bonded onto the top surface 12 of the circuit 
board 5 by means of a reflow Soldering process, to achieve 
the fabricated or assembled condition shown in FIG.1. Any 
conventionally known reflow Soldering process can be used 
in this regard, to apply and melt a Solder material 4 between 
the pad 2 and the top surface 12 of the circuit board 5. To 
prevent the molten Solder 4 from flowing through the open 
holes 14 and 15 of the thermal vias 7 from the top surface 
12 to the bottom surface 13 of the circuit board 5 during the 
reflow Soldering of the components onto the top mounting 
surface 12, the thermal vias 7 have previously been closed 
or Sealed according to the invention. 
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The closing or sealing of the thermal vias 7 prior to the 
reflow Soldering process is achieved by carrying out a Screen 
printing process from the bottom Surface 13 of the circuit 
board 5. In this context, a Screen printing film having a 
diameter of e.g. 0.7 mm is applied around the bottom open 
hole 14 of a thermal via 7 having a diameter of e.g. 0.5 mm, 
on the bottom Surface 13 of the circuit board 5. The Screen 
printing material 8, which is for example a Solid epoxy 
material, is printed into the bottom open hole 14 of the 
thermal via 7 located on the bottom Surface 13 of the circuit 
board 5 in a two-step printing process Such as a So-called 
double-printing or two-pass wet-on-wet printing process, in 
Such a manner that the layer application of the Screen 
printing material 8 onto the bottom surface 13 of the circuit 
board 5 is minimized. Particularly, this means that the radius 
of overlap of the Screen printing material 8 onto the metal 
lization layer 6 surrounding the open hole 14 of the thermal 
Via 7, and the thickness of Such an overlapping layer of the 
Screen printing material 8 Surrounding the area of the open 
hole 14 and protruding from the bottom surface 13 of the 
circuit board 5 is as Small as possible, for example having a 
layer height or thickness of less than 60 lum. Moreover, the 
printing process is carried out to achieve a prescribed 
minimum filling height of the Screen printing material 8 into 
the open hole of the thermal via 7 at the narrowest area or 
portion of the open via hole. For example, a filling height of 
at least 15% of the thickness of the circuit board 5 is to be 
achieved. It is further ensured that the Screen printing 
material 8, after its final curing, does not comprise any 
defects Such as inclusions, air bubbles, pores, and the like. 
In this manner an effective sealing of the thermal via 7 is 
Surely achieved, without significantly diminishing the heat 
transfer path from the top Surface 12 to the bottom Surface 
13 of the circuit board 5, through the metallization layer 6 
of the thermal via 7. 

Although the invention has been described with reference 
to specific example embodiments, it will be appreciated that 
it is intended to cover all modifications and equivalents 
within the Scope of the appended claims. It should also be 
understood that the present disclosure includes all possible 
combinations of any individual features recited in any of the 
appended claims. 
What is claimed is: 
1. A method of fabricating a circuit arrangement com 

prising the following Steps: 
a) providing a Supporting Substrate having a first Surface 
on a first Side thereof and a Second Surface on a Second 
Side thereof and a through-hole passing through Said 
Substrate between Said first and Second Surfaces, 

b) closing an opening of Said through-hole in said Second 
Surface by Screen printing a Screen printing material 
into Said opening from Said Second Side of Said 
Substrate, wherein Said Screen printing includes at least 
two printing passes, and 

c) after said step b), Soldering a component onto said first 
Surface of Said Substrate. 

2. The method according to claim 1, wherein Said 
through-hole comprises a thermal via. 

3. The method according to claim 2, wherein Said step a) 
comprises boring a hole through Said Substrate and applying 
a metallization layer to cover an inner Surface of Said hole 
continuously from Said first Surface to Said Second Surface So 
as to form Said Via. 

4. The method according to claim 1, wherein Said Solder 
ing in Said step c) comprises carrying out a reflow Soldering 
proceSS. 
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5. The method according to claim 1, wherein Said Screen 

printing in Said step b) comprises applying a Screen printing 
film onto Said a Second Surface over Said opening, then 
carrying out Said Screen printing of Said material into Said 
opening, and then drying and curing Said material in Said 
opening. 

6. The method according to claim 5, further comprising an 
additional Step after said drying and curing of Said material 
and before said step c), wherein said additional step com 
prises quality control testing the quality of closure of Said 
opening provided by Said material. 

7. The method according to claim 6, wherein Said quality 
control testing is optical testing involving checking whether 
a back light can be detected through said opening. 

8. The method according to claim 6, wherein Said quality 
control testing is vacuum testing involving applying a 
Vacuum to Said through-hole and checking for vacuum 
leakage. 

9. The method according to claim 1, wherein said com 
ponent is a power electronics component including a cooling 
Vane base pad, and said step c) comprises Soldering said base 
pad onto Said first Surface of Said Substrate directly over and 
covering Said through-hole. 

10. The method according to claim 3, wherein said 
applying of Said metallization layer is carried out So that said 
metallization layer continuously extends from Said inner 
Surface of Said hole onto Said first Surface and onto Said 
Second Surface. 

11. The method according to claim 10, wherein said 
Screen printing is carried out So that Said Screen printing 
material is confined to Said opening and does not overlap 
onto Said metallization layer on Said Second Surface. 

12. The method according to claim 10, wherein said 
Screen printing is carried out So that Said Screen printing 
material covers a cross-sectional area of Said opening and 
additionally overlaps onto Said metallization layer on Said 
Second Surface for not more than 0.2 mm beyond a radius of 
Said opening. 

13. The method according to claim 10, wherein said 
Screen printing is carried out So that Said Screen printing 
material covers a cross-sectional area of Said opening and 
additionally overlaps onto Said metallization layer on Said 
Second Surface, and Said Screen printing material overlapped 
onto Said metallization layer on Said Second Surface has a 
thickness of no more than 60 um. 

14. The method according to claim 1, wherein Said Screen 
printing is carried out to fill with Said Screen printing 
material at least 15% of a depth of said through-hole 
measured between Said first and Second Surfaces. 

15. The method according to claim 1, wherein Said Screen 
printing material is a thixotropic Screen printing material. 

16. The method according to claim 1, wherein Said Screen 
printing material is a highly viscous Solvent-free Screen 
printing material. 

17. The method according to claim 1, wherein Said Screen 
printing material is impervious to molten Solder used in Said 
Step c). 

18. The method according to claim 1, further comprising, 
after said step b) and before said step c), another step of 
arranging a thermally conducting and electrically insulating 
film on Said Second Surface of Said Substrate, and then 
arranging a heat Sink on Said film. 

19. The method according to claim 1, wherein said 
through-hole has a diameter in a range from 0.4 mm to 1 

. 
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